Abstract -This paper describes the requirements for freeradical reactions to be used in the synthesis of multicomponent polymers of known structure.
INTRODUCTION
Following current practice we use the term multicomponent polymers to mean polymers prepared from more than one type of monomer unit in which like monomer units are attached in long sequences. Such materials include blends of homopolymers, certain types of copolymer and their blends with one or more homopolymers. Examples of the simplest and most relevant copolymer species in this category and based on two monomers A, B are depicted in Table 1 , they include the linear AB and ABA block copolymers and non-linear block polymers AAAAA of graft and crosslinked types. The copolymers are normally prepared by sequential synthesis of the segments A and B and most commonly in that order.
The essential reason for widespread current interest in multicomponent polymers is the manner in which the properties of the final polymer reflect and combine the properties of the homopolymers of the constituents. The distinctive characteristics (e.g. two glass-transition temperatures) arise in consequence of the normal immiscibility of chemically different polymers, a phenomenon which gives rise to phase separation in homopolymer blends and microphase separation (due to segregation of the different constituents within the same molecule) in copolymers if the sequence lengths are sufficiently long.
The first reported synthesis of a block copolymer was a free-radical process involving trapped radicals (Ref.l) .
Subsequently a variety of processes were used to prepare block and graft copolymers (Refs. 2-7) and many of these processes involved free-radical reactions. However, it was not until after the development of anionic polymerization in the late 1950's (Refs. 8,9) and of poly (styrene-b-butadiene-b-styrene) triblock copolymers as thermoplastic elastomers in the 1960's (Ref. 10 ) that the scientific study of such materials became a topic of major interest.
Although Merrett (Ref. 11) recognised the occurrence of microphase separation in polymers formed by free-radical grafting of poly(methyl methacrylate) on to natural rubber the extensive consequences and implications of the phenomenon were not appreciated at that time. It was later, through the study of anionically prepared copolymers, that the phenomenon became well-known and that the fundamental morphologies were identified (Ref. 12 ). Subsequently, the connections between morphologies and properties became apparent.
Over the past fifteen years the anionic route to multicomponent copolymers has taken pride of place because it can be used to prepare very well-defined materials with narrow molecular-weight-distributions. Linear block copolymers prepared in this way are the most intensively investigated multicomponent polymers. In the same period free-radical reactions have come to be rearded as the Cinderella route to multicomponent polymers because the reaction products are less well-defined. This inferior position is somewhat unjustified because, although the products are less well-defined, freeradical routes do offer certain advantages. Not only do they permit a wider variety of components to be incorporated into copolymer structures but also allow the synthesis of structures which are not readily accessible by anionic polymerization.
While the commercialization of anionically prepared block copolymers proceeds steadily it is still true that the major tonnage application of multicomponent polymers is as impact-resistent plastics, prepared using radical reactions. These latter materials do not have well-characterized molecular structures but there is no reason why materials with defined structures, worthy of scientific investigation and of potential practical use can not be synthesized by free-radical polymerization. In this paper we consider the controlled synthesis of multicomponent polymers, briefly comment on morphologies and properties which can be obtained and describe a method of characterization which provides a means of investigating the detailed kinetics of graft polymerization.
CONTROLLED SYNTHESIS BY FREE-RADICAL REACTIONS
Whether radical reactions are used to prepare block or graft-Eype copolymers the products will almost inevitably be copolymer mixed with one or more homopolymers. The simplest situation that can be achieved is to prepare copolymer of known composition and structure mixed with known quantities of one homopolymer. To achieve this objective certain general requirements must be fulfilled and these may be simply stated as:
Preformed polymer (A) carrying reactive groups which can be used as reaction sites for radical formation (initiation);
(ii)
A highly specific radical forming process which ensures that all primary radicals are attached to A-chains;
(iii) Homogeneous reaction conditions; (iv) Detailed control of the kinetics of polymerization of monomer B.
For the synthesis of non-linear copolymers a further condition is:
(iv) Random bimolecular termination of B-chains.
There are obvious inter-relations between these conditions, for example (i) and (ii) together constitute a total initiating system. We shall consider how some of these aspects may be achieved.
Initiating systems
The prime requirement of an initiating system is to use reactive groups on preformed chains to generate radicals on those chains (macroradicals) only. Simple thermolysis or photolysis of an unstable group, such as peroxide, yields two radicals only one of which would be attached to the preformed polymer. The second radical would normally be free to initiate homopolymerization of monomer B. To avoid formation of the second radical it is necessary to generate radicals singly in a redox reaction.
Hydroperoxide initiation. Probably the first potentially useful radical forming reaction for this purpose was the redox reaction between hydroperoxide and some suitable transition metal species, e.g. Fe(II), when reaction proceeds according to equation (1) Complete initiation mechanisms are complex but it is necessary to establish them in detail to determine the rate laws for radical formation and, initiation because, to prepare sufficient material for studies of mechanical properties, it is sometimes necessary to work under conditions of significant initiator consumption.
In every system the first and rate-determining step in the reaction mechanism is the formation of a reactive speci?s from the metal carbonyl. Of the many combinations now investigated we usually use either thermal initiation at 80°C, using molybdenum carbonyl, or photoinitiation at 25°C (X = 436nm), using dimanganese decacarbonyl, and for these systems the first steps in the reaction mechanisms are given by equations (2), (3), respectively, in which S is a solvent and may be monomer. Equation (3) varies from the way in which 
oxidised metal species. Radical R' initiates polymerization if reaction is performed in a suitable monomer B. In the presence of halide concentrations greater than'lO3 mol 1-1 (dependent on the carbonyl-halide combination) rates of radical formation are independent of {R-C1L
Reaction (4) also describes radical formation if the halogen is incorporated in reactive moieties in an A-polymer chain (i.e. if R = A) when the redox process generates a macroradical. Thus, these initiating systems fulfil the necessary requirements for synthesis of multicomponent polymers and we have employed them extensively. 
The feasibility of using the radical forming processes described in the last two sections to produce multicomponent polymers has been demonstrated but their potentialities have not yet been fully explored.
Preformed polymer
Given any suitable initiating system we can, in principle, use it to prepare linear or non-linear (graft) block copolymers. Reaction scheme (6) depicts the formation of non-linear species but an equivalent scheme can be written for synthesis of linear copolymers by using the reactive function (depicted as X) as the terminal unit of preformed A-chains. We have not exploited the synthesis of linear copolymers using the metal carbonyl -halide systems for practical reasons. To avoid kinetic complications it is advantageous to work with [halide] > 3 x lO3mol 1-1. Assuming polymer A has a molecular weight in excess of 20,000 g mol-(a typical value to ensure microphase separation in bulk polymer) the initial reaction mixture should contain at least 6% (w/v) of polymer A in solution of monomer B. Such conditions will certainly sustain reaction but are not the most suitable for control of the kinetics of polymerization of monomer B; systems of high viscosity will be generated and compositions of the solutions may not remain uniform as the total polymer content increases to 10-20% (w/v) as monomer B polymerizes.
We have concentrated the synthesis of non-linear block copolymers because if the molecular weights and functionality of the A-chains are high (say, one hundred or more) then relatively high base molar concentrations of prepolymer can be achieved at modest concentrations (1-2% (w/v)) of polymer A in monomer B. Then copolymer formation proceeds according to scheme (6) , where groups X are moeities containing reactive halogen. Radical formation occurs through reaction of a group X with an active species derived from the carbonyl in (6a) in an analogous manner to reaction (4) . Then, in (6b) the radical initiates the polymerization of monomer B to produce a propagating graft. Disproportionation termination of the growing grafts yield graft copolymer in (6c) and combination termination yields AB crosslinked polymer in (6d); In early studies we used poly(vinyl trichioroacetate) as polymer A and more recently have made extensive use of the polycarbonate prepared by condensing 1,1, l-trichloro-bis-2-(-hydroxyphenyl) ethane with phosgene. Very recently we have used N-chloronylon-66.
Let us restrict our attention to systems in which propagating B-chains undergo termination exclusively by radical combination; i.e. (6c) does not occur. Initiation is a slow process and steadily forms radicals at random sites on A-chains throughout the course of the reaction. In the earliest stages the polymeric species in the reaction mixture consist predominantly of unreacted A-chains together with a few species of structure (5). As reaction proceeds more A-chains will be involved and produce more of these simple species. However, because of the high functionality of the A-chains, reaction will take place at additional sites on A-chains already in multicomponent species to produce more complex species, such as (6), and, gradually, more complex structures. At some stage the reaction mixture gels as infinite network B'
structures are generated. By stopping reaction prior to gelation the product of reaction is a mixture of relatively simple species which are soluble and can be solvent-cast into films.
Using solvent-cast films we can study the morphologies and properties of the multicomponent polymers. For detailed studies and to interpret the morphologies and properties in terms of molecular structures we need to define:
reaction conditions which permit controlover the molecular species formed
(ii) the populations of different species (iii) the detailed structures of multicomponent species, e.g. molecular weights of B-chains. Formation of multicomponent species by the procedure outlined above is in effect the introduction of B-crosslinks into an assembly of A-chains. Formally, this is the same as any other crosslinking reaction except that in our case. the crosslinks are high-molecular-weight chains rather than short linkages introduced by, say, a vulcanization process. To determine the structures of species generated and their populations it is necessary to introduce the B-chains randomly between A-chains. Essentially all B-chains must act as intermolecular crosslinks between different A-chains which should not be otherwise attached within the same molecular structure. Radical formation will occur essentially at random and, therefore, random crosslinking requires random termination of propagating B-grafts.
Random crosslinking will result in a family of multicomponent species being formed which consist of n A-chains and n-l B-chains. which defines the time to reach the critical condition for gelation (gel time) t for random crosslinking of an assembly of preformed chains (A-chains). In equation (7) c is the base molar concentration of potential crosslinking junction points (halogen-containing groups), w is the weight-average degree of polymerization of those groups and is the rate at which they are incorporated into crosslinks (i.e. the rate of initiation of B-chains). Simple modifications can be applied to equation (7) to allow for disproportionation termination, initiator consumption and/or chain transfer (Ref. 18 ).
Gelation kinetics
For equation (7) to apply in a practical situation requires that all crosslinking is intermolecular. Any intramolecular crosslinking will increase the observed gel time tg obs which may then be described by equation (8) where k is some correction factor (k>l). We have previously suggested that long gel times, e.g. at high
, are, at least in part, a consequence of having two active propagating B-chains attached 'simultaneously to one A-chain and an enhanced rate of termination between such chains (Ref. 25) .
Recent data (Ref. 17) indicate that under conditions where the proportionalities indicated in (8) apply k does not exceed l•1. This factor may reflect the inevitability of a limited amount of intramolecular crosslinking. The probability of such reactions will increase as the gel point is approached when more complex species are present. It, therefore, seems reasonable to assume that, under conditions where the above proportionalities apply, intramolecular crosslinking may be neglected in the early stages of reaction.
Populations of species Having established reaction conditions under which random crosslinking is approximated to, we can attempt to define the populations of various species present as a function of the extent of crosslinking. A parameter which has been used to quantify the extent of crosslinking is the crosslinking index, We have recently applied Stockmayer's equations to a system relevant to the synthesis of multicomponent polymers, i.e. to the crosslinking of a preformed polymer prepared by condensation polymerization; this situation relates to crosslinking polycarbonate A-chains (Ref. Table 2 which presents weight fractions of polymer A in species containing 1 (homo- Calculation assumed primary A-chains have a molecular weight distribution corresponding to that of a polymer produced by condensation polymerization to an extent of reaction of 0.9. Table 2 it is apparent that the weight fraction of unreacted A-chains (n=l) decreases monotonically. The weight fractions of A-chains in species with n=2 (A2BA2 block copolymer) increases to a maximum and then decreases as these species are built into more complex structures. Species with n=2 are, of course, being generated continuously but their rate of removal into complex species increases as Yr increases. More slowly, in the initial stages, complex species (e.g. n=3) build up but, as found by Flory, the weight fractions of species always decreases as their complexity increases. Only when r exceeds 0.4 does the total weight fraction of A-chains in relatively simple species depart significantly from unity as more-complex species (n>3) are generated. However, the number fraction of such complex species is not great since predictions from computer-simulated crosslinking experiments confirm the intuitive expectation that the longer primary A-chains are preferentially incorporated into complex species because of their higher functionality.
Considerations as outlined above predict that in the grafting (crosslinking) reactions we employ, especially at low degrees of grafting,the reaction products comprise a mixture of A-homopolymer and relatively simple multicomponent species. Also, in those multicomponent species the average number of B-chains attached to any reacted A-chain is only a little greater than unity. We suggest, therefore, that we are justified in considering the products of controlled grafting and crosslinking reactions to be blends of homopolymer A and simple non-linear block copolymers. Using such reaction conditions we have prepared a variety of multicomponent polymers for investigation.
MORPHOLOGIES AND PROPERTIES
Our more recent studies of multicomponent polymers have been restricted to lightly crosslinked materials such that considerations of the preceding sections are justifiable. Polymers have been carefully solvent-cast from homogeneous solution into films approximately 0.25mm thick. For materials in which the B-chains terminate exclusively by radical combination (e.g. styrene and chloroprene) we assume, for simplicity of discussion, that the polymers under investigation are blends of A2BA2 block copolymer with A-homopolymer.
Polymer morphologies Electron microscopestudies of pure anionically-prepared AB and ABA block copolymers have previously established the existence of certain fundamental morphologies which arise as a result of microphase separation of the blocks Our studies, using electron microscopy of ultra-thin sections, have revealed the existence of the same basic morphologies in AB-crosslinked polymers as observed in pure linear block copolymers. In these materials the morphology adopted is not determined by the copolymer structure alone but, to a large extent, by the overall composition (Refs. 32, 33) . Some of the materials we have investigated undergo macroscopic phase separation into copolymer-rich and homopolymer-rich phases and give seemingly complex morphologies as a consequence of formation of different standard morphologies within restricted. volume elements (Refs. 33, 34) . Although phase separation provides a closer approximation to the equilibrium situation for many of the homopolymer/ copolymer blends under investigation, subsequent comments in this section refer primarily to materials cast under conditions which give a uniform morphology throughout the sample. Nevertheless, the comments do have relevance to the local morphologies which result from microphase separation in each of the phases produced by true phase separation.
Materials in which the B-chains are short compared with the A-chains or when is low (i.e. materials in which A is by far the major component) exhibit a morphology of spherical domains of polymer B dispersed throughout a matrix of A, Fig. 1(a) . Because of the presence of A-homopolymer interdomain distances are not determined by A-chain dimensions and domain packing is not as regular as normally observed in pure linear block copolymers. In spite of the presence of A-homopolymer, if the volume fractions of A-and B-components are comparable careful sample preparation can result in a material having a regular lamellar morphology with a considerable degree of long-range order, Fig. 1(b) .
Knowing that the AB-crosslinked polymers we are dealing with are on assembly of simple molecular structures it is not surprising that microphase separation occurs as in linear block copolymers; Fig. 2 
proposed an explanation of the second observation in terms of chain packing in the vicinity of theinterface. A major distinction between linear and non-linearspecies is the relative numbers of chains on each side of the interface; in linear systems they are equal and are unequal in non-linear systems, see Fig. 2 . We suggested that two A-chains attached to a single junction point at the interface occupy a greater effective area than would one A-chain of the same total molecular weight as the two chains. We argued that, on packing considerations alone, this effect would reduce the radius of curvature of the domains, resulting in smaller domains containing fewer B-chains than in a linear block copolymer with comparable B-chains.
While the above observations certainly have implications with regard to the coiling and conformations of chains in domains, factors such as a tendency to reduce radii of curvature have implications with regard to the polymer compositions which define the boundaries between different morphologies. An additional factor in this latter regard and one which must be taken into account in a generalised theory of polymer morphology is the consequence of the presence of any homopolymer (polymer A the present case) and the relative molecular weights of A-chains in homopolymer and copolymer.
Mechanical properties
Since we are able to prepare multicomponent polymers with well-defined and fairly uniform morphologies we have undertaken an investigation of the physical and mechanical properties of these materials. Here we describe very briefly examples of the mechanical properties of some polymers taken from our recent studies to illustrate the types of behaviour which can be obtained with free-radically prepared polymers (Refs. 28,36,37); more comprehensive and detailed accounts of these data will be presented elsewhere.
Stress-strain data were obtained using standard dumb-bell shaped samples cut from carefully-dried solvent-cast films. Curve (a) in Fig. 3 is a stressstrain curve for a polycarbonate copolymer (Mn = 15 kg mo11) prepared from a 50:50 molar mixture of bisphenol-A and l,l,l-trichloro-bis-2-(p-hydroxyphenyl) ethane and shows very similar behaviour to that of conventional polycarbonate. Polycarbonate-polychloroprene combinations. Curve (b) in Fig. 3 relates to the above polycarbonate (PCarb) crosslinked with polychloroprene (Mn = 23.1 kg mor1) tOYr = 0.55, the sample contained 16% (w/w) polychioroprene. Comparison of curves (a), (b) reveals that the copolymer has a slightly lower modulus and lower yield and ultimate strengths than the PCarb. These features are common to other work where a rubber component is incorporated into a high-modulus matrix. The only distinction from other studies is that the extension to break is not increased but PCarb itself has a large extension to break whereas polystyrene (a common matrix material) fails at very low, strain Inclusion of sufficient polychioroprene to give a polychioroprene matrix results in the formation of an elastomeric material, capable of considerable extension to break, having a low initial modulus and exhibiting strain hardening at high extensions (Ref. 36 ).
Polycarbonate-polystyrene combinations. Several materials have been prepared by crosslinking polycarbonate with polystyrene (PSt) and curve (c) in Fig. 3 relates to a sample with long PSt crosslinks (Mn 257 kg mol-'-; Yr = 0.7; 75% (w/w) PSt); also shown is a typical stress-strain curve for PStderived from literature data (Ref. 38) . The copolymer has a morphology of dispersed PCarb spheres in a PSt matrix and is, in effect, a plastic-filled plastic. Comparison of the curves reveals that, as expected, the modulus of the composite lies between those of the homopolymers of the constituents. Of more interest and significance is the fact that inclusion of 25% (w/w) PCarb into a PSt matrix has, compared with the properties of PSt, increased the extension to break and the ultimate strength and has introduced a yielding process. Thus, introduction of PCarb has to some extent toughened the PSt without causing a significant decrease in modulus such as accompanies rubber-toughening (Refs. 28, 36) .
This PCarb/PSt polymer has other interesting properties. Because it has a PSt matrix it becomes elastomeric at temperatures above 100°C and is a lowmodulus rubber at 140°C. As an elastomer it has high extensibility (>700% without fracture) and rapid 100% recovery. Not surprising, on reflection, it behaves at elevated temperature in a manner similar to conventional thermoplastic elastomers at room temperature but has a high upper working temperature in consequence of the high PCarb glass-transition temperature ('\200°C). In addition the polymer may be strain-orientated when hot to produce a polymer with excellent unidirectional properties at room temperature and with potentiality as a novel heat-shrink plastic.
Very recently we have extended our studies into the dynamic-mechanical properties of multicomponent polymers. Figure 4 shows variations in real (E') and imaginary (E") moduli with temperature for PSt, PCarb and the PCarb/PSt Temp./°C Fig. 4 . Variations in real (E') and imaginary (E") tensile moduli of polymers described in text.
copolymer just described; data were obtained using a Rheovibron operating at 110 Hz. The most obvious feature which emerges from these data is that the copolymer has a major relaxation associated with the PSt matrix and this relaxation occurs at a higher temperature than in the PSt homopolymer. The a-relaxation for the PCarb is not observable in this sample but can be seen in other samples with a higher PCarb content when that relaxation occurs at essentially the same temperature as in the PCarb (Ref. PCarb/PSt copolymer is higher (120 kcal mo11) than in pure PSt homopolymer (80 kcal moll).
We believe that the elevated transition temperature for the PSt matrix and high activation energy are a consequence of incomplete microphase separation and incorporation of some PCarb in the PSt matrix. In agreement with this view is the observation that detailed behaviour is dependent on solventcasting conditions (Ref. 37) .
Probably, the element of toughening described above is also a consequence of incomplete microphase separation.
The limited examples of properties described suffice to demonstrate that the general features of the mechanical properties of free-radically prepared multicomponent polymers are understandable in terms of the properties of anionically prepared materials. The materials described here do not have real counterparts prepared by other techniques and provide an interesting extension to materials currently available for investigation.
CHARACTERIZATION OF COPOLYMER STRUCTURE
Although we now have an appreciation of the general structural features of the copolymer species in AB-crosslinked polymers, to justify a detailed investigation of their physical and mechanical properties we require an even better understanding ofdetailed structure. Only then will it be possible to have confidence in relations between properties and molecular structure. The major parameter about which it is necessary to have more detailed knowledge is the molecular weightof the B-chains.
Previously we have noted that before gelation the kinetics of polymerization of the B-monomer are 'near normal'. In the absence of better information we have indeed assumed that the kinetics of graft polymerization are normal and have calculated the molecular weights of. the B-chains accordingly. We have now developed a method of obtaining additional information (Ref. 17) . This involves crosslinking PCarb with, say, PSt, then degrading the PCarb, isolating the PSt crosslinks and determining their molecular weight and molecularweight distributiOn.
Recently we carried out the above exercise on a number of PCarb/PSt materials prepared under conditions of essentially random crosslinking and also under conditions which deviate from random crosslinking. We shall restrict our attention to two examples; further examples and more comprehensive discussion will be presented elsewhere.
Random crosslinking First, we consider a situation in which the conditions for random crosslinking, discussed earlier, apply. Figure 5 (a) shows conversion time curves, prior to gelation, for the homopolymerization of styrene and for the graft polymerization of styrene from a PCarb backbone at the same rates of initiation (using photoinitiation with dimanganese decacarbonyl). From these data it is seen that the rate of graft polymerization is somewhat greater than that for homopolymerization. These rate data correlate with the molecular-weight distributions (weight-fraction distributions) derived from gel permeation chromatograms of PSt crosslinks (formed by crosslinking PCarb to 1r = 0.76) and PSt homopolymer prepared under the reaction conditions used to obtain the rate data and for a similar reaction time; the molecular weight distributions are normalised; see Fig. 5(b) .
The peak molecular weights of the two distributions are virtually identical but the average molecular weight of the crosslinks is slightly higher than the PSt homopolymer. The difference arises as a result of smaller weight fractions at low molecular weight in the crosslinks and slightly higher weight fractions extending to high molecular weights. Thus, on average the styrene grafts, which form the crosslinks, grow longer than homopolymer chains, an effect consistent with the higher rate of graft polymerization. There is no reason to assume the rate coefficient for propagation of the grafts is higher than that for homopolymerization and we attribute the effects to a lower value of the rate coefficient for termination kt for propagating grafts than for free chains.
We suggest two reasons for a low value of k for grafts which are a consequence of the B-grafts being attached to A-cllains. We previously suggested that the translational diffusion of radicals attached to A-chains would be impeded with respect to unattached chains and that this could. result in a In a normal free-radical homopolymerization many acts of termination involve short chain radicals. However, in a graft polymerization short grafts are attached to A-chains, predominantly long A-chains, and their diffusion will be restricted. Consequently, compared with a simple homopolymerization the average value of kt in a grafting reaction will be reduced and chains will grow longer.
In addition, propagating B-grafts will often form in the interior of coils of A-chains, in regions of high concentration of A-segments. As propagation proceeds and the B-chain grows, its inherent immiscibility with A-chains will cause the A-and B-components to segregate and the B-radical to be located in a B-rich environment. Termination of this radical with a short radical in an A-rich environment will obviously be unlikely and the probable consequence will be a further reduction in kt.
Non-random termination S As a second example we consider polymerizations conducte.d under high rates of initiation where equation (8) does not hold; gel times are longer than anticipated. We previously attributed this effect to excessive intramolecular crosslinking resulting from a high probability of having two propagating Bchains simultaneously attached to one A-chain (Ref. 25 ).
In the particular example chosen to illustrate this situation rates of homopolymerization and graft polymerization are virtually identical ( Fig. 6(a) ). However, the similarity in rates is coincidental. Figure 6 (b) shows molecular weight distributions for PSt crosslinks and homopolymer prepared under the conditions relating to Fig. 6(a) , reaction time corresponding to 1r = 0.6.
Comparison of the molecular weight distributions shows that the peak of the distribution for the crosslinks is at lower molecular weight than for the homopolymer. The weight fractions for the crosslinks are higher than for homopolymer chains at very low and high molecular weights and lower at intermediate molecular weights. Thus, in the grafting polymerization some chains grow shorter and some longer than they would in a normal polymerization. The two effects happen to compensate and give virtually identical rates of polymerization in this case. The increased weight fractions at high molecular weight we attribte to effects described in the preceding section and the high weight fractions at low molecular weight to enhanced intramolecular crosslinking. To this latter effect we attribute a high value of kt.
SUMMARY
In this paper we have reviewed how, by use of specialised initiating systems, a method has been developed for the synthesis of multicomponent polymers, specifically graft-type copolymers, by free-radical routes. By controlling the kinetics of the free-radical polymerizations polymers of controlled structure can be prepared. This procedure can and has now been used to synthesise some novel copolymers which are unavailable by other routes. The results described demonstrate how the investigation of such polymers can extend the understanding of multicomponent polymers in general and raises questions with regard to the extension of concepts developed for simpler materials. By using a recently developed procedure we are now able to characterize the multicomponent polymers more completely than has hitherto been possible. This development provides a tool which will facilitate the detailed study of graft polymerization kinetics and will also provide a more accurate description of the molecular structure of the polymers under investigation. This latter aspect is especially important in attempts to relate morphologies and properties to molecular structures. 
